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APPARATUS AN^fETHOD FOR IMPROVING THE FLOW CHARACTERISTICS OF INJECTION 
MOULDING OR EXTRUSION MATERIAL USING ULTRASONIC VIBRATION 

An apparatus for improving the flow characteristics of injection moulding or extrusion 



The present invention relates to an apparatus and method for improving the flow 
characteristics of injection moulding or extrusion material. The invention has particular 
5 application with thermoplastics materials but can be used with any suitable material capable 
of being extruded or injection moulded. 

The application of high frequency oscillations to a polymer is known to have an ameliorative 
effect on the melt flow characteristics of the polymer. Such an improvement would appear 
to have particular advantage in injection moulding processes, since there is evidence to 
10 suggest that the application of vibration to athermoplastic moulding gradematerial improves 
the flow and distribution of the material in the moulding tool during the injection moulding 
process. The quality of the produced moulded article has also been shown to be improved. 

In fibre-reinforced injection moulding, it has been found that the application of vibration to 
a thermoplastic moulding grade material is effective in promoting both impregnation of the 
1 5 moulding grade material into the fibre reinforcement and wetting out (i.e. bonding) between 
the moulding grade material and the fibre reinforcement. 

The application of high frequency oscillations to a polymer during an injection moulding 
process, for example using ultrasonic vibration, is known to improve the melt flow 
characteristics of a polymer. 

20 US 4500280 describes the use of an ultrasonic vibration aided feed device, which consists 
of a body having a feed channel and an ultrasonic vibration generator connected to the body 
by an intermediate aim. In use, the feed device is positioned between the screw barrel and 
the nozzle of a standard inj ection moulding apparatus, such that the moulding material passes 
from the screw barrel into the moulding tool, via the feed channel. High frequency vibrations 

25 from the vibration generator are transmitted to the body through the intermediate arm, 
whereby moulding material passing through the feed channel is indirectly subjected to 
vibration. The use of vibration generators having a frequency equal to 20kW or 40kHz were 
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found to be satisfactory in improving the melt flow characteristics of the moulding material. 
However, in order to incorporate the feed device between the screw barrel and the nozzle, 
the whole injection moulding apparatus has to be reconfigured, which can be both costiy and 
time consuming. 

5 US5885495 describes a purpose-built injection head for an injection moulding apparatus, 
which includes an assembly for applying vibration to a moulding grade material. The 
assembly includes a chamber between the screw barrel and the nozzle of the injection head, 
wherein the chamber has an inlet valve and outlet valve for controlling the passage of 
material into and out of the chamber. In use, with the outlet valve in a closed position, the 

1 0 inlet valve is opened to allow a volume of material to enter the chamber. The inlet valve is 
then closed and the chamber is subjected to ultrasonic vibration to improve the melt flow 
characteristics of the moulding grade material. After a predetermined period of vibration, 
the outlet valve is opened to allow the moulding grade material to be injected through the 
nozzle. Since the vibration is not applied during the injection phase of the moulding process, 

15 the overall process times for the apparatus require significant alteration from standard 
injection moulding cycle times. Hence, the productivity of the injection moulding apparatus 
is reduced. Further, since the injection head is purpose-built, it has a nozzle arrangement 
which differs from that of a standard injection moulding apparatus. Therefore, the injection 
head cannot be retrofitted to existing apparatus. 



It is also known that ultrasonic vibration can be applied directly to the screw of the injection 
moulding machine, as described in US 6203747, to apply vibration to the moulding material 
whilst in the screw barrel prior to injection into the moulding tool. However, this also 
involves the manufacture of a purpose-built injection moulding machine, which precludes 
25 simple retrofitting to existing apparatus. 

Further, US 5017311 describes the application of high frequency vibration to the whole 
mould cavity of a moulding tool, using an ultrasonic vibration device attached to the moving 
half of the mould cavity. The apparatus is purported to provide a remarkable improvement 
in the apparent fluidity of the moulding material at a vibration frequency of 19.15 kHz. As 
30 this involves the vibration of the whole moulding tool, a specially designed injection 
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moulding apparatus is required. Alternatively, the moulding material is vibrated through 
localized vibration of the tool cavity, once the mould cavity has been filled, thus increasing 
the moulding cycle times and, hence, reducing the productivity of the injection moulding 
apparatus. 

5 It is an object of the invention to provide an improved apparatus. 

According to the present invention, there is provided an apparatus for improving the flow 
characteristics of injection moulding or extrusion material, the apparatus comprising a flow 
path through which a material to be injection moulded or extruded passes in use, and an 
ultrasonic vibration device arranged for direct contact with material passing through the flow 
10 path in use, for directly vibrating the material as it is being injected or extruded. 

In a preferred embodiment, a portion of the vibration device extends at least partially into 
the flow path for directly vibrating material in the flow path. 

In a further preferred embodiment, the vibration device extends transverse to the longitudinal 
axis of the flow path, with an end portion of the vibration device arranged for direct contact 
15 with material passing through the flow path in use. 

Preferably, the vibration device consists of an ultrasonic probe, and the probe may be 
arranged for direct contact with material in the flow path. 

The vibration device preferably operates at a frequency of between 10 kHz to 50 kHz. 

In a preferred embodiment, the flow path is provided in an injection moulding tool. More 
20 preferably, the moulding tool has a fixed part that remains stationary relative to an injection 
barrel during the normal injection moulding process and a moving part which is adapted to 
move relative to the fixed part during the normal injection moulding process, and the flow 
path is formed in the fixed part of an injection moulding tool. 

The vibration device is preferably mounted on the part of the moulding tool having the flow 
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path. 



In a further embodiment, the flow path is formed in a die block of an extrusion apparatus, 
and the vibration device may be mounted on the die block. 

Conveniently, the vibration device is mounted on the apparatus using non-metallic seating 
5 means, to prevent metal-to-metal contact. Preferably, the non-metallic seating means also 
provides a seal about the vibration means. 

In an alternative arrangement, a seal is provided about the vibration means at a nodal point 
on the vibration means where little or no vibration occurs. In which case, the seal may 
comprise a metallic seal means. 

10 Preferably, the vibration means comprises a sonotrode. 

According to a further aspect of the invention, there is provided a method for improving the 
flow characteristics of a material being injected or extruded from an injection or extrusion 
barrel to a shape forming part, comprising the steps of injecting or extruding a volume of 
material through a flow path in an injection moulding or extrusion apparatus, in which 
15 material passing through the flow path is brought into direct contact with an ultrasonic 
vibration device as the material is being injected or extruded. 

Preferably, the contact of the material with the vibration device occurs at a position between 
the injection or extrusion barrel and the shape forming part. 

20 Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying drawings, in which: 

Figure 1 is a schematic cross-section through part of an inj ection moulding apparatus 



for use in accordance with a first embodiment of the invention, showing the 
mould tool in an open position, prior to injection; 
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Figure 2 is a view similar to Figure 1 with the tool closed, prior to injection; 
Figure 3 is a view similar to Figure 2, during injection; 

Figure 4 is a view similar to Figure 1 , with the tool in an open position, after injection; 

Figure 5 is a schematic cross-section through part of an extrusion apparatus in 
5 accordance with a second embodiment of the invention. ■ 

Figure 6 is a schematic cross-section through part of an inj ection moulding apparatus 
in accordance with a further embodiment of the invention; 

Figure 7 is a schematic cross-section through part of an extrusion apparatus in 
accordance with a still further embodiment of the invention; 



10 Figure 8 is a perspective view of a modified sonotrode, for use with apparatus in 
accordance with the invention; and 

Figure 9 is a graph showing the effect of ultrasonic vibration on polymer flow. 

Referring to Figures 1 to 4, an injection moulding apparatus, indicated generally at 10, 
includes a moulding tool 12 having a mould cavity indicated at 14, i.e. the shape forming 
1 5 part of the apparatus. 

The apparatus 10 further includes a barrel 16 of known construction, having a screw 18 
which is movable between a retracted position, as shown in Figures 1 , 2 and 4, and a forward 
position as shown in Figure 3. 

The moulding tool 12 consists of a fixed part 20 which* in use remains stationary relative to 
20 the barrel 1 6, and a moving part 22 which is movable relative to the fixed part 20, between 
an open position as shown in Figures 1 and 4, and a closed position as shown in Figures 2 
and 3. 
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The fixed part 20 of the moulding tool 12 includes an injection gate 28, through which 
thermoplastic moulding grade material passes into the mould cavity 14 during the injection 
moulding process, as will be described below. 

The fixed part 20 has an inlet channel 30 and a central chamber 32. The inlet channel 30, 
5 central chamber 32 and injection gate 28 form a melt stream flow path, through which 
thermoplastic moulding material flows from the barrel 16 to the moulding tool 12, in use. 

An ultrasonic vibration device, indicated generally at 34, is mounted to the upper end of the 
fixed part 20 by a frame 36. The ultrasonic vibration device 34 includes an ultrasonic probe, 
hereinafter referred to as the sonotrode 38, which extends from the frame 36 into the central 

10 chamber 32 to a depth below the inlet channel 30. Hence, a length of the sonotrode 38 
extends at least partially into the melt stream flow path of the moulding tool 12. The 
arrangement is configured so that a substantial portion of the material passing through the 
chamber 32 from the inlet channel 30 to the injection gate 28 passes adjacent an end surface 
3 8 A of the sonotrode, between the end surface 3 8 A and an opposing wall 39 of the chamber, 

1 5 where energy from the sonotrode is imparted into the material. 

A sealed seating ring 40 is provided in the central chamber 32, for centrally locating the 
sonotrode 38 in the chamber 32 and for preventing moulding material from escaping up 
through an open end of the chamber 32. The seating ring 40 is manufactured from a suitable 
thermoplastic or ceramic material, to prevent metal-metal contact of the sonotrode 38 and 
20 the tool 12. This is of particular importance at the high frequency level of vibration of the 
sonotrode 38, which might otherwise cause the sonotrode 38 to weld to the tool 12 or seating 
ring 40, if metal-metal contact existed between the sonotrode 38 and the tool 12 or seating 
ring 40, and thus risk fracture of the sonotrode 38. 

The vibration device 34 includes a converter 42 mounted at the upper end of the sonotrode 
25 38, for converting electrical energy supplied via an auxiliary power source, not illustrated, 
into high frequency mechanical vibration, for example between lOkHzto 50kHz. Abooster 
44 is provided beneath the converter 42, for boosting the signal from the converter 42 to the 
sonotrode 38. 
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In use, the injection gate 28 and the channel 30 and the chamber 32 in the first part of the 
tool 20 are heated to temperatures suitable for the processing of the particular moulding 
material being used. This is achieved by using a hot runner system generally known in the 
art to keep the thermoplastic molten prior to injection into the cooler mould cavity. 

Operation of the moulding apparatus 10 during a moulding cycle will now be described. 



For the purposes of description, it is assumed that a first moulding cycle has already been 
carried out and the injection gate 28, central chamber 32 and inlet channel 30 of the fixed 
part of the moulding tool 12 are at least substantially filled with thermoplastic moulding 
material. A volume of material V, is required to fill the injection gates 28, central chamber 
10 32 and inlet channel 30 of the fixed part of the moulding tool 12. 

A second moulding cycle starts with the moulding tool 12 in the open position having the 
screw 18. in the back position, as shown in Figure 1, and the ultrasonic vibration device 34 
in a deactivated condition. With the screw 18 in the back position, a melt reservoir of 
thermoplastic moulding material is present in the barrel 1 6, having a volume V 2 . A volume 

15 of material V 3 is receivable in the compartment 24 of the mould cavity 14 when the 
moulding tool 12 is in the closed position shown in Figures 2 and 3, wherein V 2 is greater, 
than V 3 and Vj is not greater than V 2 . The difference in volume between V 3 and V 2 provides 
a cushion for the volume of material in the moulding tool 12 after injection, to maintain 
pressure on the volume of material in the moulding tool 12 after injection, i.e. when the 

20 screw 1 8 is in the forward position shown in Figure 3, as will be described below. 

The moving part 22 of the moulding tool 12 then moves to the closed position shown in 
Figure 2. Once the moulding tool 12 is closed, the ultrasonic vibration device 34 is activated 
for a predetermined period, prior to an injection phase commencing. Whilst the ultrasonic 
vibration device 34 is still activated, an injection phase commences, in which the screw 1 8 
25 moves towards the forward position shown in Figure 3 . As the screw 1 8 moves forward, the 
thermoplastic moulding material in the barrel 16 is injected into the fixed part 20, through 
the inlet channel 30. The pressure of the material entering the fixed part 20 from the barrel 
1 6 forces the thermoplastic moulding material which is already present in the injection gate 
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28, central chamber 32 and inlet channel 30 into the mould cavity 14. As the screw 18 
reaches the forward position, the mould cavity 14 fills until no further moulding material 
may pass through the injection gate 28. The volume of material remaining in the screw 
barrel 1 6 is continuously pushed into the fixed part 20, until the screw 1 8 finally reaches the 
5 forward position shown in Figure 3 . The screw barrel is maintained in the forward position 
shown in Figure 3, until the material in the tool cavity has at least partially solidified, to 
maintain pressure on the volume of material in the moulding tool. 



When the ultrasonic vibration device 34 is activated, the sonotrode 38 vibrates in the 
longitudinal direction at a fixed frequency within the central chamber 32. The vibration of 

10 the sonotrode directly imparts energy into the material passing through its zone of influence, 
which is predominantly between the end surface 3 8 A of the sonotrode and the opposing wall 
39 of the chamber 32. As already mentioned, the apparatus is configured such a significant 
proportion of the material passes at some point in the cycle between the end surface 3 8 A of 
the sontotrode and the opposing wall 39 of the chamber, where it is directly affected by the 

15 sonotrode. This has the effect of improving the melt flow characteristics of said material. 
It will be appreciated that moulding material present in the zone of influence of the sonotrode 
38 during activation of the sonotrode 38 will be affected by the ultrasonic vibrations. 

At a predetermined stage in the injection phase, for example at the point where the mould 
cavity 14 becomes filled with moulding material, the ultrasonic vibration device 34 is 
20 switched off. Once sufficient cooling of the moulding material has occurred, the screw 1 8 
is returned to the back position shown in Figure 4, to prepare a melt reservoir of 
thermoplastic moulding material in the barrel 16 for the next moulding cycle. The moving 
part of the moulding tool is then moved to the left as viewed, to the open position shown in 
Figure 4, and the moulded article is ejected. 



25 During the above-described period of activation of the ultrasonic vibration device 34, .i.e. 
in particular during the injection phase, it will be appreciated that vibration energy 
transmitted through the sonotrode 38 is transferred to at least a proportion of the volume of 
moulding material simultaneously present in the central chamber 32. This has the effect of 
improving the melt flow characteristics of the moulding material during the injection phase 
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and prior to entry to the mould cavity as illustrated in the following example. 
Example: 

Initial trials were carried out using a general-purpose Polypropylene (PP) injection moulding 
grade material to see if the ultrasonic vibration device had an influence on the flow 
5 performance of the material. An injection moulding apparatus, substantially as described 
with reference to Figures 1 to 4, was set up with the full injection shot capacity in the barrel 
to mould the component, but the injection time was set so that it could only mould a short 
shot volume partially filling a flat plaque component of approximately 25 g in weight. 

A first set of mouldings was produced without the use of the ultrasonic vibration device, 
10 which produced short shot mouldings having a component weight of approximately 25g, as 
anticipated. 

A second set of mouldings were then produced using the same shot volume and injection 
conditions but with the ultrasonic vibration device activated prior to the start of the injection 
cycle and during filling of the mould cavity, substantially as described above. The resultant 
1 5 mouldings were much larger than the first set and had a final weight of approximately 42 g. 

A third set of mouldings was then produced without the use of the ultrasonic vibration 
device, which produced short shot mouldings as had been achieved in the first set of 
mouldings. 

The results of the trials are presented in Figure 9. 
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It can be seen in Figure 9 that for the same injection time, the weight of each moulding 
achieved using the ultrasonic vibration device significantly increased. This suggests that 
the use of the ultrasonic vibration device significantly improves the melt flow 
characteristics of the moulding grade material, to promote increased flow through the 
5 moulding tool. 

The invention also has application for extrusion grade materials, as described below. 

An extrusion apparatus is shown in Figure 5, indicated generally at 50. A modified die 
block 54 having a die head 59 is mounted adjacent the outlet of an extruder barrel 52. 
The die block 54 includes an inlet, a central chamber 58 and an outlet leading to the die 
1 0 head 59. The inlet, chamber 58 and outlet define a melt stream flow path 56 for passage 
of thermoplastic material from the extruder barrel 52 to the die head 59, i.e. the shape 
forming part of the apparatus. 

An ultrasonic vibration device 60 in the form of a sonotrode is mounted on the die block 
54, in a manner similar to that described above with reference to Figures 1 to 4. Where 
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appropriate, common reference numerals are used in the following description of the 
apparatus 50. 

As can be seen, the sonotrode 38 extends into the central chamber 58, i.e to at least 
partially extend into the extrusion flow path of material passing between the extruder 
5 barrel and the die head 59, for direct contact with at least a portion of material passing 
through the chamber 58 and in particular with material passing adjacent an end surface of 
the sonotrode and an opposing wall of the chamber 58. A sealed seating ring 40 is used 
to centralise the sonotrode 38 in the chamber 58 and prevents material from escaping 
through the open upper end of the chamber 58. 

1 0 The ultrasonic device 60 is substantially the same as that described above in relation to 
Figures 1 to 4 and so the operation and construction of the device will not be described 
again in significant detail. 

During extrusion of material from the extruder barrel 52, the ultrasonic vibration device 
60 is activated to improve the melt flow characteristics of the extrusion grade material as 
15 it passes through the flow path 56, in particular the chamber 58. The ultrasonic device 60 
may be activated continuously or discontinuously, durmg~extrusion depending on the 
effect required on the produced article. 

During extrusion, material moves from the barrel 52, through the flow path 56 where it 
passes along a length of the sonotrode 38 towards the outlet 59, with a significant 
20 proportion of the material passing beneath the sonotrode 38. Since a portion of the 

sonotrode 38 is directly in the melt stream of the material, material passing through the 
chamber 58 is affected by the vibration energy from the sonotrode 38, as it comes into 
direct contact with the end of the vibrating sonotrode or passes through the zone of 
influence, substantially a3 described above. 

25 Figures 6 and 7 show alternative embodiments of the invention, for injection moulding 
apparatus and extrusion apparatus, respectively. In both Figures, common reference 
numerals are used where appropriate. 
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An injection moulding apparatus 70 is shown in Figure 6, includes a moulding tool 12 
having a mould cavity indicated at 14. The mould cavity 14 has a single compartment 
24, for producing a moulded article (not shown). The moulding tool 12 consists of a 
fixed part 20 Which in use remains stationary relative to an injection barrel, and a moving 
5 part 22 which is movable relative to the fixed part 20, between an open position as 
shown, and a closed position (not shown). 

The fixed part 20 of the moulding tool 12 includes an injection gate 28, through which 
thermoplastic moulding grade material passes into the mould cavity 14 during the 
injection moulding process. The fixed part 20 includes a melt stream flow path 72 having 
10 a longitodinal axis, along which thermoplastic moulding material flows through the fixed 
part of the moulding tool 12, in use. 

A sonotrode 38 is mounted on the fixed part 20 of the moulding tool 12 extending 
transverse to the longiwdinal axis of the flow path 72, with an end surface 38A of the 
sonotrode 38 forming a part of the wall of the flow path 72. It will be appreciated that the 
1 5 end surface of the sonotrode 38 is thus arranged for direct contact with material passing 
through the flow path 72 between the end surfece 38A and the opposing wall of the flow 
path, in use. 

The sonotrode 38 and flow path 72 are configured such that, in use, at least a significant 
proportion of material present between the walls of the flow path in the area adjacent the 

20 end surfece of the sonotrodeis in the zone of influence of the vibrating sonotrode 38, so 
that the sonotrode 38 has a direct influence in the melt stream flow path of material 
passing though the fixed part 20 of the tool 12, and not just on the material which comes 
into direct contact with the end surface. It will be understood that moulding material 
present in the 2one of influence of the sonotrode 38 during activation of the sonotrode 38, 

25 i.e. simultaneously during injection of the material into the tool 12, will be affected by the 
ultrasonic vibrations, to improve the flow characteristics of the material. 

Operation of the apparatus 70 is substantially the same as for the apparatus described 
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An extrusion apparatus 80 is shown in Figure 7, which corresponds substantially to the 
apparatus 50 described with reference to Figure 5, and therefore the same reference 
numerals are used where appropriate in the following description. 

5 The apparatus 80 includes a modified die block 54 having die head 59, i.e. the shape 
forming part of the apparatus. The die block 54 is mounted adjacent the outlet of an 
extruder barrel 52. The die block 54 defines a melt stream flow path 82 having a 
longitudinal axis, for passage of thermoplastic material from the extruder barrel 52 to the 
die head 59. 

10 A sonotrode 38 is mounted on a die block 54, extending transverse to the longitudinal 
axis of the flow path 82, with an end surface of the sonotrode 38 forming a part of the 
wall of the flow path 82. A non-metallic sealing ring 40 is provided to position the 
sonotrode and to act as a seal to prevent the extrusion material from escaping from the 
flow path around the sonotrode. The end surface 38A of the sonotrode 38 is thus arranged 

1 5 for direct contact with material passing through the flow path 82 in use. When activated, 
the sonotrode 38 has an ameliorative effect on the melt flow characteristics of material 
passing through the die block 54 within the zone of influence of the sonotrode. 

Operation of the apparatus 70 is substantially the same as for the apparatus described 
with reference to Figure 5 and so is not described again. 

20 Use of a non-metallic seating ring 40 to position the sonotrode relative to the melt stream 
flow path in the mould tool or die block, and to prevent moulding material from escaping 
around the sonotrode has been described in relation to the above embodiments. As 
previously discussed, a non-metallic seating ring is used to prevent metal-metal contact 
between the sonotrode and the tool or die block. This is of particular importance at the 

25 high frequency level of vibration of the sonotrode, for example to prevent the sonotrode 
from welding, to the tool or die block, or the seating ring. However, Figure 8 shows a 
modified sonotrode 90, which does not require a non-metal seating ring. Each sonotrode 
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has at least one nodal point at which little or no vibration occurs. The position of tide 
nodal point(s) will vary in dependance on a number of factors including the size and 
shape of the sonotrode and the temperature at which it is operated. For each specific 
application, the position of the or each nodal point can be calculated enabling the 

5 sonotrode to be clamped and/or sealed at a nodal point using metallic seal means without 
risk of the sonotrode welding to the seal means or the tool or die block. In the 
embodiment shown in Figure 8, a flange 92 is positioned at a nodal point so that the 
sonotrode can be clamped using metal seals which engage with the flange. The profile of 
the flange can be adapted to ensure a good seal is achieved. This arrangement can be used 

10 as an alternative to the non-metallic seating ring 40 in any of the embodiments described 
above to position the sonotrode and to prevent material from escaping around the 
sonotrode. 

The described embodiments of the invention provide ultrasonic vibration through the use 
of a sonotrode directly in contact with the melt stream of an extrusion or injection 

1 5 . moulding grade material between the extruder barrel and die head, or between the nozzle 
of a screw barrel and a tool cavity. During the extrusion or injection phase, a significant 
proportion of moulding material being extruded through a die block, or injected into a 
moulding tool, is directly vibrated by the sonotrode, including a substantial proportion of 
the material in the melt stream of the tool or die block, which passes through the zone of 

20 influence of the vibrating sonotrode during the injection or extrusion phase. This has 

been shown to improve the flow characteristics of the material being injected or extruded. 

The ultrasonic vibration device of the described embodiments is of particular advantage 
in that it can be retrofitted to existing extrusion or injection moulding apparatus, without 
significantly altering the configuration of the existing apparatus. For example, a fixed 
25 tool part for an injection moulding apparatus can be provided, including a melt stream 
flow path and a sonotrode substantially as described above, which can then be used to 
simply replace the fixed part of a standard injection moulding apparatus, using the same 
tool cavity, without the need for significant alteration of the tool configuration. 

The invention has further significant advantage, in that the vibration processes described 
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in conjunction with the above embodiments substantially occur during a standard 
injection moulding cycle and thus can be applied without significantly altering the 
process times/mould cycle settings of existing machinery, therefore not significantly 
reducing the productivity of existing machinery. 

5 The invention has application in an injection moulding tool having any number of 

compartments in the tool cavity, for example two or between three and ten compartments, 
as desired. Similarly the invention can be utilised in injection moulding tools having any 
number of gates, for example a single, dual or four gate tool. 

Whilst the description of the preferred embodiments has referred to the injection 
10 moulding and extruding of thermoplastics material, the invention it is not limited to use ' 
with such materials but can be adapted for use in injection moulding or extruding any 
suitable material. 
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1 . An apparatus for improving the flow characteristics of injection moulding or 
extrusion material, the apparatus comprising: 

a flow path through which a material to be injection moulded or extruded passes 
in use, and 

ultrasonic vibration means arranged for direct contact with material passing 
through the flow path in use, for directly vibrating the material as it is being 
injected or extruded. 

2. An apparatus as claimed in claim 1, in which the vibration means comprises an 
ultrasonic probe. 

3. An apparatus as claimed in claim 2, in which the ultrasonic probe is arranged for 
direct contact with material in the flow path. 

4. An apparatus as claimed in claims 1 to 3 , in which a portion of the vibration 
means extends at least partially into the flow path for directly vibrating material in 
the flow path. 

5. An apparatus as claimed in claims 1 to 3, in which the vibration means extends . 
transverse to the longitudinal axis of the flow path, with an end portion of the 
vibration means arranged for direct contact with material passing through the flow 
path in use. 

6. An apparatus as claimed in any preceding claim, in which the vibration means 
operates at a frequency of between 10 kHz to 50 kHz. 

7. An apparatus as claimed in any preceding claim, in which the flow path is formed 
in a part of an injection moulding tool. 
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8. An apparatus as claimed in any preceding claim, in which the moulding tool has a 
fixed part that remains stationary relative to an injection barrel during the normal 
injection moulding process and a moving part which is adapted to move relative 
to the fixed part during the normal injection moulding process, and the flow path 

5 is formed in the fixed part of an injection moulding tool. 

9. An apparatus as claimed in claim 7 or 8, in which the vibration means is mounted 
on the part of the moulding tool having the flow path. 



10. An apparatus as claimed in any of claims. 1 to 6, in which the flow path is formed 
in a die block of an extrusion apparatus. 

10 * 11. An apparatus as claimed in claim 10, in which the vibration means is mounted on 
the die block. 

12. An apparatus as claimed in any preceding claim, in which the vibration means is 
mounted on the apparatus using non-metallic seating means, to prevent metal-to- 
metal contact. 

15 13. An apparatus as claimed in claim 12, in which the non-metallic seating means 
also provides a seal about the vibration means. 

14. An apparatus as claimed in any previous claim, in which a seal is provided about 
the vibration means at a nodal point on the vibration means where little or no 
vibration occurs. 



20 15. An apparatus as claimed in claim 1 4 when dependant on any one of claims 1 to 
1 1, in which the seal comprises a metallic seal means. 

16. An apparatus as claimed in any previous claim in which the vibration means 
comprises a sonotrode. 
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5 



18. 



A method for improving the flow characteristics of a material being injected or 
extruded from an injection or extrusion barrel to a shape forming part, comprising 
the steps of injecting or extruding a volume of material through a flow path in an 
injection moulding or extrusion apparatus, in which material passing through the 
flow path is brought into direct contact with an ultrasonic vibration means as the 
material is being injected or extruded. 

A method as claimed in claim 17, in which the contact of the material with the 
vibration means occurs at a position between the injection or extrusion barrel and 
the shape forming part. 



18 



10/527565 

PCT/GB2003/003996 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/02441^p 

2/7 



10/527 565 

'CT/GB2003/003996 1 




SUBSTITUTE SHEET (RULE 26) 




WO 2004/02441^H ^HPCT/GB2003/003996 



10/527565 

# 



317 




SUBSTITUTE SHEET (RULE 26) 



tO/527563 

WO 2004/02441^^ ^^CT/GB2003/003996 

4/7 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/0244 



10/527 565 

'CT/GB2003/003996 




SUBSTITUTE SHEET (RULE 26) 



10/527565 




F/g.8 



SUBSTITUTE SHEET (RULE 26) 



10/527 

WO 2004/02441^ ^>CT/GB2003/003996 

7/7 



WEIGHT, g 



45 
40 
35 
30 
25 
20 
15 
10 

5 

0^ 



1 2 3 



I 



5 



■ 

III 



m conv. 
m + u.sonic 



i 



7 8 



MOULDING No.(IN ORDER OF PRODUCTION) 



Fig.9 



SUBSTITUTE SHEET (RULE 26) 



NATIONAL SEARCH REPORT 



"Intel^lj!^^ 



ppllcatlon No 

PCT/GB 03/03996 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B29C45/56 B29C47/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B29C B20C 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation ot document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 6 010 592 A (JAMESON LEE KIRBY ET AL) 
4 January 2000 (2000-01-04) 
column 1, line 11 -column 3, line 12; 
figure 1 

column 5, line 18 -column 10, line 27 
column 12, line 55 -column 14, line 2; 
examples 1-4 

W0 02 066218 A (UNIV AKRON) 

29 August 2002 (2002-08-29) 

page 1, line 1 -page 4, line 9 

page 11, line 23 -page 12, line 11; figure 

9 

-/-- 



1-18 



1-18 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are listed In annex. 



• Special categories of cited documents : 

"A* document defining the general state of the art which Is not 

considered to be of particular relevance 
•E" earner document but published on or after the International 

filing date 

•L" document whfch may throw doubts on priority dalm(s) or 
which Is cited to establish the publication date ot another 
citation or other special reason (as specified) 

'O 1 document referring to an oral disclosure, use, exhibition or 
other means 

■P' document published prior to the International fiBng date but 
later than the priority date claimed 



T later document published after the international fifing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■Y" document of particular relevance; the claimed invention 
cannot be considered to involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

•a' document member of the same patent family 



Date of the actual completion of the international search 



28 January 2004 



Name and mallng address of the ISA 

European Patent Office, P.B. 5815 Patentlaan 2 
NL-2280HVRqswijk 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Dale of mailing of the International search report 

12/02/2004 



Authorized officer 



Lanz, P 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



+ 



NATIONAL SEARCH REPORT 



intemiaB^ 



ppllcatlon No 

PCT/GB 03/03996 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 0151, no. 64 (M-1106), 

24 April 1991 (1991-04-24) 

-& JP 03 032813 A (MURATA MFG CO LTD), 

13 February 1991 (1991-02-13) 

abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 0181, no. 33 (M-1571), 

4 March 1994 (1994-03-04) 

-& JP 05 318543 A (TOEI HANBAI KK), 

3 December 1993 (1993-12-03) 

abstract 



1-18 



1-18 



Forni PCT/ISA/210 (Krtinualtan o) second shsel) (July 1992) 



page 2 of 2 



* 



■NATIONAL SEARCH REPORT 

. tlon on patent family members 




Interli^ Application No 

PCT/GB 03/03996 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



AU 


688559 


B2 


12-03-1998 


AU 


3196695 


A 


19-01-1996 


CA 


2193724 


Al 


04-01-1996 


DE 


69528060 


Dl 


10-10-2002 


DE 


69528060 


T2 


07-08-2003 


EP 


1116805 


A2 


18-07-2001 


EP 


0766754 


A2 


09-04-1997 


ES 


2182911 


T3 


16-03-2003 


OP 


10504066 


T 


14-04-1998 


WO 


9600318 


A2 


04-01-1996 


us 


6380264 


Bl 


30-04-2002 


us 


6020277 


A 


01-02-2000 


CA 


2152536 


Al 


24-12-1995 


FR 


2722711 


Al 


26-01-1996 


US 


6395216 


Bl 


28-05-2002 


US 


6036467 


A 


14-03-2000 


ZA 


9505180 


A 


31-01-1996 



US 6010592 



04-01-2000 



WO 02066218 A 29-08-2002 US 6528554 Bl 04-03-2003 

WO 02066218 Al 29-08-2002 
US 2003124211 Al 03-07-2003 



JP 03032813 A 13-02-1991 NONE 



JP 05318543 A 03-12-1993 NONE 



F°m> PCTASM210 (palert lanSy annex) (July 1992) 



